Calcium vapor (atom) when co-condensed with THF reacts very smoothly with α-bromo-and achloroesters at -20 ~ -50 °C to afford enolates, which react with aldehydes to give good yields of ß-hydroxyesters in high stereoselectivity after hydrolysis.
The results of the reactions of various α-haloesters with carbonyl compounds are summarized in Table 2 . The present results show that the Reformatsky-type reaction with new calcium reagents by using calcium atom -THF co-condensates is applicable to production of a wide variety of ß-hydroxyesters as shown in Scheme 2.
As shown in Table 2 , α-bromomethylesters very smoothly react with aldehydes to give the corresponding ß-hydroxyester in good yields at -50 °C (Entries 1-4), a rather high stereoselectivity was observed to give anti ß-hydroxyester predominantly. When the effect of the ester group was sterically imposed, the stereoselectivity in ß-hydroxylester was high (Entries 5-8). By using calcium atom -THF co-condensates, α-chloroester also reacted with aldehyde to give the corresponding ß-hydroxyester at -20 °C in moderate yields; however, this substrate was less reactive under the reductive reaction conditions (Entries 9, 10). A typical procedure is as follows. Calcium metal (granules, 99% pure, 0.8 g, 20 mmol) was evaporated at a temperature of ca. 900 °C using a tungsten filament in vacuo (ca. 5 χ 10"
3 Torr) at a rate of ca. 20 mg min' 1 . At the same time, a large amount of THF (40 ml) was admitted through an inlet tube, condensed on the walls of a quartz flask containing the tungsten crucible. Calcium atoms that co-condensed with THF were allowed to warm to room temperature. To the calcium atom (0.1 g, 2.3 mmol) -THF (3 ml) co-condensates was added methyl 2-bromopropionate (67 mg, 0.39 mmol) at -50 °C and stirred for 15 min. To this mixture, benzaldehyde (45 mg, 0.43 mmol) was added and stirred for 15 min at the same temperature. The resulting mixture was diluted with hexane and filtered through a short silica gel column. The filtrate was concentrated. Further purification by silica gel column chromatography gave methyl 2-hydroxyl-2-methyl-3-phenyl propionate in 55% yield (41 mg).
